The aim of the study was to evaluate the effect of β-endorphin on oxygen activity of polimorphonuclear neutrophils and to investigate the total antioxidant status of blood serum in rats subjected to chronic treatment with methimazole. The study was carried out on 15 male Wistar rats weighing 270-290 g, divided into two groups. The animals from experimental group were administered a 0.05% drinking water solution of methimazole. The oxygen activity of peripheral blood neutrophils was examined using a modified RBA test. The extra-receptor effect of β-endorphin on the respiratory burst of neutrophils was evaluated. The incubation of neutrophils in the presence of phorbol myristate acetate (PMA) in the control group caused a nearly threefold increase in the oxygen activity of the cells compared to the control. Slightly higher values were obtained after addition of β-endorphin at the concentration of 10 -6 . Lower concentrations of this opioid (10 -8 and 10 -10 ) also stimulated oxygen activity but at a lower level than PMA. Naloxone did not affect the oxygen activity only when using β-endorphin in the concentration of 10 -6 . Naloxone and β-endorphin in the concentrations of 10 -8 and 10 -10 evoked a linear decrease in the oxygen activity of neutrophils, below the values obtained for PMA. The obtained results suggest that methimazole significantly modulates the generation of reactive oxygen species under the influence of β-endorphin, which stimulates the respiratory burst via the receptor pathway and inhibits it via the extra-cellular pathway. Methimazole also stimulates the anti-free radical defence.
Thyroid hormones stimulate the activity of mitochondrial respiratory chain (22) . Hypothyroidism lowers tissue oxygen demand and is associated with the decreased production of free oxygen radicals. It also protects tissues against lipid peroxidation, stimulating the mechanisms of the antioxidant system (16, 23, 35) . Methimazole is an anti-thyroid drug commonly used around the world in the long-term treatment of hyperthyroidism in humans (11, 15, 27, 39) , dogs (37) , and cats (12, 13, 18, 24, 25, 36) . Like in other thionamides, its mode of action is based on blocking the activity of thyroid peroxidase, which leads to a decrease in the synthesis of thyroid hormones (6) . It also reduces the activity of myeloperoxidase and probably the NADPH oxidase system in peripheral blood neutrophils, which are a significant source of free oxygen radicals (10, 29, 31) . Although this drug inhibits lipid peroxidation in rats, there are reports stating that the induced hypothyroidism state impairs the pro-oxidative − anti-oxidative balance in this species (16) . It has been also presented that hypothyroidism triggered by methimazole damages cells by inducing oxidative stress, but it is not associated with hypothyroidism per se (4, 7, 8, 14, 30) . Thionamides influence the expression levels of proopiomelanocortin and its derivative, β-endorphin, in some tissues (5) and modulate the expression of opioid receptors (2) , which significantly affects the oxygen activity of neutrophils (21) .
The aim of the study was to evaluate the effect of β-endorphin on the oxygen activity of polimorphonuclear neutrophils (PMN) and total antioxidant status (TAS) of blood serum in rats administered with methimazole.
Material and Methods
Animals and experimental procedures. Fifteen male Wistar rats, weighing 270-290 g, were used in the study. They were divided into two groups: C (control group) − healthy, untreated animals (n=6), and E (experimental group) − animals treated with methimazole (n=9). The rats were kept in an airconditioned room with a relative humidity of 45%-47% and temperature of 22-23°C with a light cycle of 12 h light/12 h darkness. The studies were approved by the Local Ethical Committee. Before the tests, the animals were subjected to a 14-day acclimatisation. During that time, they received commercial feed for laboratory animals (LSM, Agropol, Poland) and tap water ad libitum. They were then fed the same feed, but the rats in the group E were given ad libitum 0.05% drinking water solution of methimazole (Sigma-Aldrich). A fresh solution was prepared every day. After 90 d, all animals were anaesthetised using ketamine (80 mg/kg body weight i.m.) and their blood was collected into tubes with heparin (5UI heparin/mL) and in order to obtain serum for a clot.
Determination of oxygen activity of peripheral blood neutrophils. Neutrophils were isolated from blood according to Sigma-Aldrich Leukocyte Separation -Procedure No. 1119. The oxygen activity of the neutrophils was determined using a modified respiratory burst activity test (RBA) as described by Rook et al. (28) and Sulowska et al. (34) . The cells were suspended in a liquid RPMI-1640 (Sigma-Aldrich) medium with a 10% addition of foetal calf serum (Biomed-Lublin, Poland) and 1% antibiotic antimycotic solution (Sigma-Aldrich). Cell viability was assessed using trypan blue (Sigma-Aldrich) and it amounted to not less than 98%. The purity of the suspension was evaluated microscopically by means of smears stained with the May-Grünwald method. The RBA test was performed in 96-well microplates. 100 µL of the prepared suspension containing 3-5 x 10 6 cells/mL was added to the wells; then the microplates incubated for 2 h at 20°C in an atmosphere of 5% CO 2 . After the incubation, the wells were washed with a physiological buffered solution -PBS (Biomed-Lublin, Poland) in order to wash out the non-adjacent cells. Two wells were then filled with 100 µL of phorbol myristate acetate solution -PMA (Sigma-Aldrich), at the concentration of 1 µg/mL in 0.1% nitrotetrazolium blue -NBT (Sigma-Aldrich), dissolved in the RPMI 1640 medium. The next two wells were filled with 100 µL of 0.1% nitroblue tetrazolium dissolved in the RPMI-1640 medium (positive control). The negative control was the two wells filled with 100 µL of the RPMI-1640 medium. In order to examine the effect of β-endorphin on the respiratory burst of neutrophils, each two consecutive wells were filled with 100 µL of 0.1% nitroblue tetrazolium dissolved in the RPMI-1640 medium containing 10 -6 , 10 -8 , and 10 -10 M of β-endorphin rat (Sigma-Aldrich). The extra-cellular effect of β-endorphin on the respiratory burst of neutrophils was evaluated by filling the wells in the same way as previously described, adding additionally naloxone hydrochloride dihydrate (Sigma-Aldrich) at the concentration of 10 -6 M/mL. Then, the microplates were incubated for 30 min at 20°C in 5% CO 2 . After that time, the wells were washed with absolute ethanol (SigmaAldrich) and then filled with 200 µL of the directly prepared mixture of 2M KOH and DMSO (dimethylsulphoxide, POCh Gliwice, Poland) at a 6:7 ratio. The microplates were then placed in a Sunrise (Tecan) microplate reader with the Magellan software and the absorbance was measured at the wavelength of 620 nm.
TAS. The blood was centrifuged for 30 min at 4,000 rpm in order to obtain serum for the evaluation of TAS (RANDOX Laboratories Ltd.) according to the instructions: total antioxidant status -NX2332.
Statistical analysis. The results were analysed statistically using Statistica 10.0 software. The significance of differences between the control group and the experimental group was calculated using the rank Mann-Whitney test at P≤0.05.
Results
The results of testing the oxygen activity of neutrophils and TAS are shown in Table 1 ) also stimulated oxygen activity but at a lower level than PMA. The addition of naloxone into the cell culture did not affect the oxygen activity only when using β-endorphin at the concentration of 10 , a linear decrease in the oxygen activity of neutrophils was observed below the values obtained for PMA.
In the experimental group (E), a statistically lower oxygen activity of neutrophils compared to the control group (C) was observed after adding PMA. The result obtained due to the addition of this stimulator was only twice as high compared to the control (NBT). The addition of β-endorphin at the concentration of 10 -6 to the cell cultures resulted in an increase in the tested parameter as compared to the above sample and the obtained values were statistically lower than in group C. Blocking of the opioid receptors in the experimental group (E) and the use of β-endorphin at the concentration of 10 -6 inhibited the oxygen activity of neutrophils up to the value obtained when using only β-endorphin at the concentration of 10 -10 (the lowest observed activity). The use of β-endorphin at lower concentrations (10 -8 and 10 -10 ) and naloxone increased the tested parameter so that it correlated negatively with the concentration of the opioid; the oxygen activity of the neutrophils reached a value similar to that obtained after adding PMA even after adding β-endorphin at the lowest concentration.
The experimental group (E) had statistically higher TAS values than the control group (C) − 0.802 vs. 0.594 mmol/L. x-mean of absorbance, SD -standard deviation, x (%)-mean of absorbance in percentage of NBT, PMA -phorbol mirystate-acetate, NBT -nitroblue tetrazolium -control, βE -β-endorphin, N -naloxone, TAS -total antioxidant status (mmol/L), * -statistically significant differences between experimental and control group Table 1 Discussion
Free radical processes are a significant element of aetiopathogenesis in over 100 different diseases (neoplastic, cardiovascular and degenerative) in humans and animals (1, 9, 19) . The activation of PMN cells leads to a significant increase in their oxygen metabolism, which is called the respiratory burst (17) . Consequently, depending on the degree of NADPH oxidase enzyme complex activity, a superoxide anion (O -2 ) is formed. An important factor determining the immunosuppressive action of thionamides, including methimazole, is the inhibition of the respiratory burst in resting monocytes and following their stimulation with PMA (38) . In the study, no significant differences in the spontaneous NBT reduction test (modified RBA test) between groups C and E were found, although the stimulation with PMA, an activator of the free radical function, showed a lower oxygen activity of peripheral blood neutrophils in the group treated chronically with methimazole. Chronic administration of methimazole in rats has little effect on the activity of NADPH oxidase present in peripheral blood neutrophils, although the drug is oxidised by the microsomal FMO system (flavine monooxygenases) (40) . The results obtained and results of other studies (3, 20) suggest a decrease in the enzymatic activity of protein kinase C under the influence of methimazole, but not due to hypothyroidism per se, in the course of which it increases almost 8-fold. Results of oxygen activity of neutrophils in the experimental group (E) expressed as a percentage of absorbance measured in the sample incubated without any stimulator. * -Statistically significant differences compared to the group C, P≤0.05. Symbols as in Table 1 Not much is known about the impact of thionamides on the pro-oxidative − anti-oxidative balance modulated by means of the opioid system. The extent to which specific ligands bind to opioid receptors is significantly altered in rats during the course of hypothyroidism induced by methimazole compared to those animals receiving a placebo (2) . In the study, a significantly lower influence of β-endorphin on the oxygen activity of the cells in the experimental group treated chronically with methimazole in comparison to the control group was found. Analysing the results obtained in the control group, the stimulating effect of the opioid system on the respiratory burst of the PMN cells expressed as an increased production of the superoxide anion was simultaneously confirmed. Similar results of the studies conducted using opioids and employing a chemiluminescence assay enhanced with lucigenine were obtained by other researchers (33) , which suggests that methimazole modulates the opioid receptor functions of neutrophils and opioid-dependent metabolic pathways. Similar activity of these cells under the influence of β-endorphin in higher concentrations (10 -6 and 10 -8 ) was observed in the control and experimental groups, but in the control group, even at its lowest concentration (10 -10 ), it can significantly regulate metabolic processes dependent on the opioid system. Based on the analysis of the degree of NBT reduction under the influence of adding only β-endorphin to the cell cultures, the stimulation route cannot be accurately determined. In the control group, blocking of opioid receptors using their antagonist, naloxone, resulted in the inhibition of the NBT reduction, which is consistent with the results obtained by Sharp et al. (33) ; however, this effect, despite the use of the highest dose of β-endorphin, was not seen. This proves the existence of two pathways modulating free radical processes under the influence of β-endorphin: receptor and extra-cellular. Under the influence of β-endorphin and acting through the extra-cellular pathway, neutrophils obtained from the animals treated with methimazole inhibit the production of the superoxide anion. The results concerning TAS revealed that chronic administration of methimazole stimulated protection against free radicals. Such conclusions, based on the previous analyses, have already been presented (16, 32) , although it is still a matter of debate (26) .
The opioid system has a crucial role in regulating the pro-oxidative − anti-oxidative balance. Methimazole significantly modulates the production of reactive oxygen species under the influence of β-endorphin, which in this case stimulates the respiratory burst via the receptor pathway and inhibits it via the extra-receptor pathway. Methimazole also stimulates the mechanisms of anti-free radical defence.
